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[57] ABSTRACT

The semi-conductive ceramic composition is obtained
according to the invention from (a) a basic composition
containing 40 to 80% by weight of a semi-conductor
which is a silicon or boron carbide, 5 to 409 by weight
of a binder or of a mixture of binders chosen from alu-
minum oxide, beryllium oxide, zirconium oxide, magne-
sium oxide, silica and silicon nitride, and 0 to 409% of a
flux of a mixture of fluxes chosen from alkaline-earth
carbonates and oxides, rare earth oxides and metal sili-
cates, and (b) 5 to 40% by weight, relative to the basic
composition (a), of a heat-emitting dope chosen from
titanium, barium titanate, tungsten and lanthanum bo-
ride.

7 Claims, No Drawings
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The present invention relates to a semi-conductive
ceramic composition and its use in the manufacture of
spark plugs of high energy—Ilow voltage type (HE-
LV).

HE-L'V spark plugs, used in particular in gas turbines 10
and jet engines, are of the type capable of providing a
few tenths of a joule to several joules of energy undera
voltage of 2 to 3 KV, whilst the actuating voltage of
high energy-——-high voltage (HE-HYV) spark plugs is of
the order of 20 KV. HE-LV spark plugs contain a semi- 15
conducttve material between the electrodes (instead of
an insulating material for HE-HYV spark plugs), so that a
sufficient voltage at the terminals of the electrodes leads
firstly to the burn out of the semi-conductor, causing
sufficient ionization to bring about the spark between 20
the electrodes. -

The advantages of the HE-LV spark plug, consisting
in particular of its functioning not being very dependent
on the conditions of the combustion chamber and neces-
sitating a less significant firing chain, have led to the 25
development of ceramic semi-conductors based on sili-
con carbude, described in particular in FR-A-2 269 789
and FR-A-2 346 881.

However, if LV devices are not generally used in
engines, 1t 1s because the life of a semi-conductive plug 30
becomes greatly reduced in cases of severe use, that is at
high levels of pressure and temperature. Whilst for HV
plugs it is the wear of the electrodes which determines
the life, for L'V plugs it is the wear of the semi-conduc-
tor, which intervenes before significant erosion of the 35
electrodes. It was therefore desirable to improve the life
of semi-conductors which can be used in HE-LV plugs.

The Applicant has established that it is especially in
the commutation phase of the semi-conductor that the
degradation of the material of which it is formed is 40
produced, that 1s before the spark phase, and has suc-
ceeded in limiting the energy of pre-ionization of the
material by the addition of heat-emitting elements. The
Applicant has therefore perfected a semi-conductive
ceramic composition having excellent discharge quali- 45
ties and an improved life, which can be used in particu-
lar for spark plugs of gas turbines or jet engines.

Therefore a subject of the invention is a semi-conduc-
tive ceramic composition obtained from (a) a basic com-
position containing 40 to 80% by weight of a semi-con- 50
ductor which is a silicon or boron carbide, 5 to 40% by
weight of a binder or of a mixture of binders chosen
from aluminum oxide, beryllium oxide, zirconium ox-
1de, magnesium oxide, silica and silicon nitride, and 0 to
40% of a flux or a mixture of fluxes chosen from alka- 55
line-earth carbonates and oxides, rare earth oxides and
metal silicates, characterized by the addition of (b) 5 to
40% by weight, in relation to the basic composition (a),
of a heat-emitting dope chosen from titanium, barium
titanate, tungsten and lanthanum boride. 60

The binder 1s an insulating powder with a high melt-
ing point, constituting the support of the semi-conduc-
tor.

The flux, which is not indispensable in this composi-
tion and 1s used essentially to reduce the firing tempera- 65
ture, 15 advantageously a silicate or a mixture of sili-
cates, in particular of magnesium and aluminum such as
bentonite, kaolin, taic, etc., but also alkaline-earth car-
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bonates such as dolomite, etc. In particular 10 to 30%
by weight of flux(es) can be used in the basic composi-
tion (a). .

The heat-emitting dope which is an essential compo-
nent according to the invention is advantageously bar-
ium titanate or lanthanum boride (LaBg) which, in addi-

- tton to their strong emitting power, do not degrade the

semi-conductor component.

The making up of the ceramic composition according,
to the invention—mixing, pressing and firing—is car-
ried out in the traditional way according to the materi-
als used.

The following examples 1illustrate the invention.

EXAMPLE 1

(a) Preparation of the ceramic composition.
A basis composition is prepared having the following
formulation (% by weight):

silicon carbide (2 to 35 um) 60
bentonite 5
kaolin 10
talc - 5
dolomite 10

aluminum oxide (3.5 to 4 um) 10 !

1 kg of this composition is mixed in a ball mixer for 2
hours. 65 g of water, then 100 g (10%) of barium tita-
nate are added and the whole is mixed for half an hour.
The mixture obtained is passed through a 630 um sieve.

(b) Pressing and firing.

The ceramic composition obtained above is pressed at
300 bars (30 MPa) into cylinders 10.5 mm diameter
and 30 mm high. The cylinders are placed in a
ceramic mould, baked at 80° C. for 2 hours, then
fired at 1630° C. for 27 hours.

EXAMPLE 2

The same formulation is used as in Example 1, except
for the heat-emitting element, which is titanium powder
(granulometry 13 pm) instead of lanthanum boride.

After pressing the cylinders, firing is carried out at
1600° C. for 48 hours.

EXAMPLE 3

The operation is carried out exactly as in Example |,
but using lanthanum boride instead of barium titanate.

The semi-conductor ceramic cylinders thus obtained
were machined, and mounted in plugs submitted to the
following tests so as to determine their characteristics in
comparison with plugs “A” of the same useful diameter,
containing ceramic semi-conductors based on silicon
carbide, which are known to have the best longevity.
The tests were carried out under a voltage of 2 KV.

I. COMMUTATION ENERGY UNDER 30 BARS (3

MPa)
| A EXAMPLES | AND 3
Energy (mJ) 10-40 2-15
Max current (A) 15-35 1.5-15
Delay (us) 1-1.5 0.5-1.2
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II. COMMUTATION ENERGY IN THE
PRESENCE OF A DROP OF KEROSENE

A EXAMPLES 1 AND 3
Energy (mlJ) 150-500 100-200
Max current (A) 8-30 -5
Delay (us) 7-35 30-90

This test 1s representative of a flooded plug.

II1. SPEED OF EROSION
(a) Drop by drop test (badly atomized fuel)

A EXAMPLES | AND 3
Number of sparks 75 000 to 150 000 to
for | mm of depth 250 000 300 000

of wear

(b) Test under a pressure of 30 bars (3 MPa) at 500° C.

A EXAMPLES | AND 3
Number of sparks 300 000 to 400 000 to
for 2.5 mm of depth 400 000 600 000

of wear

The results show that the behaviour of the material
according to the invention and the electrical character-
istics of the discharge remain excellent:

for temperature (up to about 950° C.)

for pressure 3 bars (3 MPa), and
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when the plug is in the presence of badly atomized
fuel.
We claim:

1. In a semi-conductive ceramic composition Ob-
tained from a basic composition containing 40 to 80%
by weight of a semi-conductor which 1s a silicon carbide
or boron carbide, 5 to 40% by weight of a binder or of
a mixure of binders selected from the group consisting
essentially of aluminum oxide, beryllium oxide, zirco-
nium oxide, magnesium oxide, silica and silicon nitride,
and O to 40% of a flux or a mixture of fluxes selected
from the group consisting essentially of alkaline-earth
carbonates and oxides, rare earth oxides and metal sili-
cates, the improvement wherein 5 to 40% by weight,
relative to the basic composition, of a heat-emitting
dope selected from the group consisting essentially of
titanium, barium titanate, tungsten and lanthanum bo-
ride 1s added.

2. A ceramic composition according to claim 1,
wherein the binder is aluminum oxide.

3. A ceramic composition according to claim 1,
wherein the flux comprises a silicate or a mixture of
silicates.

4. A ceramic composition according to claim 3,
wherein that the silicates comprise bentonite, kaolin and
talc.

3. A ceramic composition according to claith 1,
wherein the flux or mixtures of fluxes represents 10 to
30% by weight of the basic composition.

6. A ceramic composition according to ciaim 1,
wherein the heat-emitting dope is barium titanate.

7. A ceramic composition according to claim 1,

wherein the heat-emitting dope i1s lanthanum boride
(LaBg).

* *x *x * *
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